Molecular dosimetry of DNA adduct formation and cell toxicity in rat nasal mucosa following exposure to the tobacco specific nitrosamine 4-(N-methyl-N-nitrosamino)-1-(3-pyridyl)-1-butanone and their relationship to induction of neoplasia.
The molecular dosimetry of O6-methylguanine (O6MG) formation in DNA and cytotoxicity in respiratory and olfactory mucosa was determined during administration of 4-(N-methyl-N-nitrosamino)-1-(3-pyridyl)-1-butanone (NNK) to male Fischer 344 rats. The dose response for O6MG formation differed considerably between respiratory and olfactory mucosa. The dose response was nonlinear in respiratory mucosa where the slope of the curve was very large for doses of NNK ranging from 0.3 to 3.0 mg/kg but much smaller in the dose range of 10 to 100 mg/kg. In contract, the dose response in the olfactory mucosa did not demonstrate such a large change in slope over the same dose range. The concentration of O6MG formed to dose of NNK ratio, an index of efficiency of alkylation, increased dramatically only in the respiratory mucosa as the dose of NNK was decreased from 100 to 0.3 mg/kg. The concentration of O6MG was four times greater in respiratory than olfactory mucosa after treatment of rats with 1 mg/kg NNK. Alkylation in the two regions of the nose became similar as the dose of NNK was increased. In rats treated for up to 12 days with NNK (10 mg/kg/day), the concentration of O6MG was 60 to 90% greater in respiratory than olfactory mucosa throughout treatment. Regional differences in the amount of O6MG formed may stem from the presence of a low Km pathway for biotransformation of NNK in the cells of the respiratory mucosa. This conclusion is supported by autoradiographic studies. Four h after treatment with 1 mg/kg [3H]NNK, silver grains were more heavily concentrated in respiratory than olfactory epithelium. Histopathological examination of the nasal passages revealed dose related, cell specific differences in toxicity following treatment of rats with 10, 30, or 100 mg/kg NNK for 12 days. No toxicity was observed in the nose when 1 mg/kg NNK was administered. Bowman's glands underlying the olfactory mucosa and Steno's glands were the most sensitive sites for toxicity, exhibiting necrosis after as little as 2 days of treatment with 10 mg/kg NNK. Damage to these glands progressed in a dose- and time-dependent manner. Respiratory epithelium exhibited only mild toxicity while basal cell metaplasia was evident in olfactory epithelium. Rats treated with NNK for 20 weeks (50 mg/kg, three times a week) had a 45% incidence of carcinomas in the olfactory region. These neoplasms appeared to arise from Bowman's glands. In contrast, there was only a 5% incidence of malignant neoplasia and a 29% incidence of benign neoplasia in the respiratory region.(ABSTRACT TRUNCATED AT 400 WORDS)